Objective The aim of this study was to assess the incidence of vitamin D deficiency in Japanese postmenopausal women with type 2 diabetes mellitus. Conclusion Our results showed an alarmingly high incidence of vitamin D deficiency in Japanese women with type 2 diabetes mellitus, with a risk of radial bone osteoporosis, particularly in those patients with a serum 25(OH)D level of <18.5 ng/mL.
Introduction
Type 2 diabetes mellitus is a major lifestyle disease, a category in which osteoporosis has also been included recently. The healing of bone fractures is often delayed in the patients with type 2 diabetes mellitus. Therefore, the prediction and early intervention of osteoporosis is important in diabetes-related disorders. A meta-analysis study showed that the risk of femoral neck fracture is increased by 1.38 (1.25 to 1.53) in the patients with type 2 diabetes mellitus (1) . Because type 2 diabetes mellitus can increase the risk of bone fracture as a result of osteoporosis (2) , the importance of the management of osteoporosis has been highlighted in recent years. However, the true picture of diabetes-associated abnormalities of bone metabolism remains unclear.
Vitamin D plays an important role in bone health, and vitamin D deficiency is associated with decreased bone mineralization, secondary hyperparathyroidism, and increased cortical bone loss. Furthermore, hypovitaminosis D has been linked to the pathogenesis of osteoporosis and hip fractures (3) . Vitamin D deficiency additionally increases the risk of type 2 diabetes mellitus as well as the risk of falls and fractures. Previous studies have reported a widespread rate of vitamin D deficiency in the general population (4) 
Materials and Methods

Study design and population
This study was cross-sectional in design and included women with type 2 diabetes mellitus who were treated at the Outpatient Department of the University of Occupational and Environmental Health Hospital or its affiliated hospitals between September 2009 and October 2010. The patients with a history of ketoacidosis, type 1 diabetes mellitus, nephropathy (serum creatinine level >2.0 mg/dL), women who were pregnant or possibly pregnant, and the patients receiving any drugs that are known to affect bone metabolism (e.g., bisphosphonates, vitamin K, estrogen, calcium, anabolic steroids, or male/female hormones) were excluded from the study. The study protocol was approved by the ethics committees of the University of Occupational and Environmental Health, Japan and participating medical centers. Informed consent was obtained from each study subject.
Venous blood and urine samples were obtained in the morning following an overnight fast. The following parameters were evaluated: 25(OH)D, 1.25-dihydroxy vitamin D [1.25(OH)2VD], intact-parathyroid hormone (PTH), bonespecific alkaline phosphatase (BAP), osteocalcin (OC), serum and urine N-terminal telopeptide of type I collagen (NTX), homocysteine, pentosidine and the bone mineral density (BMD) at the lumbar vertebrae (L2-4), femoral neck and radius by dual-energy X-ray absorptiometry (DEXA) using a Hologic Delphi A Densitometer. 25(OH)D and 1.25 (OH)2VD was measured using a radioimmunoassay (25-HydroxyvitaminD 125 I RIA KIT, Dia Sorin Inc., Stillwater, USA, γ counter, Hitachi-Aloka Medical, Mitaka, Japan, and 1.25(OH)2D RIA KIT, Immunodiagnostic System, Boldon, UK, γ counter, Hitachi-Aloka Medical). BAP was measured using an enzyme immunoassay technique (Osteolinks BAP, Quidel Corporation, San Diego, USA, and fully automated EIA apparatus, Nippon Advanced Technology, Naka-gun, Japan), OC was determined using a radioimmunoassay (BGP IRMA, Mitsubishi Chemical Medience, Chiyoda-ku, Japan, γ counter, Warack) and NTX was determined using an enzyme-linked immunosorbent assay kit (Osteomark NTX, Inverness Medical Japan, Shinjuku-ku, Japan, fully automated EIA apparatus, and Nippon Advanced Technology).
As a measure of the bone quality, homocysteine was determined using high-performance liquid chromatography (YMC-Pack Pro C18, YMC, Shimogyo-ku, Japan, HPLC system/Shimadzu, Hitachi, JASCO, Daito-ku, Japan) and pentosidine was determined using an enzyme-linked immunosorbent assay kit (FSK pentosidine, Fushimi Pharmaceutical, Marugame, Japan, Benchmark 1575 Microplate Reader, Sakura Seiki, Tokyo, Japan). The value of HbA1c (%) was estimated as an NGSP equivalent value (%) derived from the JDS value and calculated by the formula: HbA1c (%) = HbA1c (JDS) (%) + 0.4% (5) . All other biochemical parameters were measured by the standard enzymatic methods.
The primary outcome of the study was the serum level of 25(OH)D. The secondary outcome of the study was the relationship between 25(OH)D and the BMD.
Statistical analysis
The patients with an estimated glomerular filtration rate (eGFR) of 60 mL/min/1.7 m 2 or below were excluded from the study in order to eliminate the effect of chronic kidney disease (CKD) on NTX and 25(OH)D. In addition, premenopausal women were also excluded from the study to avoid any confounding effects of menopause.
The data are expressed as the mean±SD. The Wilcoxon rank sum test was used for comparison of the groups. A correlation analysis was performed with the use of Spearman's rank correlation coefficients for the variables with a skewed distribution. A multivariate stepwise regression analysis was conducted using 25(OH)D as the dependent variable and several parameters found to be significantly related to 25(OH)D on a univariate analysis. The optimal cutoff value of 25(OH)D was determined using a receiver operating characteristics curve (ROC). Statistical significance was considered to exist at p values less than 0.05. All analyses were conducted using the PASW Statistics analysis software package (v19.0, Chicago, USA).
Results
Patient demographics
One hundred seventy patients were enrolled in this study. The patient characteristics are summarized in Table 1 . The mean age was 66.0±7.7 years, with an average disease duration of 11.1±7.5 years, and HbA1c of 6.9±1.0%. The subjects were slightly overweight [body mass index (BMI): 23.7 kg/m 2 ]. The mean values of the parameters of bone metabolism and BMD were normal.
Severity and extent of 25(OH)D deficiency
The mean 25(OH)D level of the entire group was 20.0± 6.3 ng/mL (range: 6-38 ng/mL). The study patients were divided into two groups: those with a normal 25(OH)D level (! 30 ng/mL, 8.2%, designated as the normal group), and those with abnormal 25(OH)D levels (<30 ng/mL, 91.8%, HOMA-IR) .
A multivariate analysis with 25(OH)D as the dependent variable, and age, gender, intact-PTH, BAP, u-NTX, and radial bone BMD as the independent variables, identified u-NTX (standardized coefficient β=-0.354, p=0.002) as the only independent and significant determinant of 25(OH)D (adjusted multiple R 2 =0.113) ( Table 3) .
Receiver-operating characteristics curve of 25(OH)D in the patients with and without radial bone osteoporosis
The optimal cutoff value of 25(OH)D was 18.5 ng/mL with a sensitivity of 55%, specificity of 62%, and AUC of 0.588. According to these findings, we divided the patients into two groups, the low 25 ( 
Discussion
Hypovitaminosis D has been described in several countries and different races (4). In Korea, nearly half of the population suffers from some degree of vitamin D deficiency (6) . The prevalence of vitamin D deficiency is also high in Japan (up to approximately 50%), especially in inactive elderly people compared with their active counterparts, and the prevalence is greatly influenced by the activities of daily living (ADL) (7) . Other groups have reported that the serum 25(OH)D concentrations were less than 20 ng/mL in 75.7% of the Japanese population (8) . In the present study, the mean concentration of serum 25(OH)D was 20.0±6.3 ng/ mL, and the prevalence of hypovitaminosis D was very high at 91.8% in Japanese postmenopausal women with type 2 diabetes mellitus. Animal studies have demonstrated lower levels of 1,25(OH)2D3 in type 2 diabetes mellitus models compared with the respective controls (9) . The findings from the present study are similar to those of the previous studies, which showed a high prevalence of hypovitaminosis D in the patients with type 2 diabetes mellitus (10, 11) . However, other studies reported no difference in the prevalence between type 2 diabetes mellitus patients and the respective controls (12, 13) . Thus, a more thorough analysis of the exact relationship between 25(OH)D and type 2 diabetes mellitus must be investigated.
The clinical and pathological significance of these findings remain unclear. The present study did not provide data that can explain the higher prevalence of hypovitaminosis D in the patients with type 2 diabetes mellitus. Previous studies have indicated that the chronic insulin-deficient state leads to the reduced 1-alpha-hydroxylase activity and increased 24-hydroxylase activity in chronic streptozotocininduced diabetic rats (14) . Other large prospective studies have suggested the potential beneficial effects of both vitamin D and calcium intake in reducing the risk of type 2 diabetes mellitus (15, 16) . Further studies are needed to examine the effects of hyperglycemia and insulin resistance on vitamin D metabolism.
Hypovitaminosis D is often asymptomatic and does not require immediate medical care. The analysis of our data showed a significant negative correlation between 25(OH)D and NTX and intact-PTH. In addition, a a positive correlation between 25(OH)D and the radial bone BMD was observed. In this regard, previous studies indicated that even a mild reduction in the serum 25(OH)D level may be associated with secondary hyperparathyroidism, an increased bone turnover, and an accelerated bone loss, which increase the risk of bone fractures (17, 18) . In the present study, the intact-PTH level was within the normal range. Although high PTH is considered the hallmark of hypovitaminosis D, a "normal" range of PTH may be found in the subjects classified as "vitamin D deficient". Therefore, while many subjects with serum 25(OH)D levels below the threshold level could have PTH within the "normal" reference range, they may have "functional hyperparathyroidism" (8, 19) . Thus, hypovitaminosis D can be regarded as a major risk factor for bone health. Furthermore, we speculate that this relationship increases the risk of fractures of the radius rather than the lumbar spine or femur in the patients with type 2 diabetes mellitus.
The definition of "low" serum 25(OH)D and vitamin D deficiency depends on the level defined as "normal". Considering the serum level of 25(OH)D in the "insufficient" range (i.e., 10 to 30 ng/mL) is challenging for several reasons. According to the World Health Organization, levels below 20 ng/mL are classified as abnormal. However, with the recent changes in the laboratory reference range, a normal level of 25(OH)D is currently defined as a serum level of 30 to 76 ng/mL (20, 21) . The optimal serum levels and intake necessary to prevent osteoporosis in the patients with type 2 diabetes mellitus are unknown. In the present study, we used a cutoff value for 25(OH)D of 18.5 ng/mL for radial bone osteoporosis. There is substantial variation in the PTH level when the 25(OH)D levels are between 20 and 30 ng/ mL (22) . Thus, according to these results, the patients with 25(OH)D concentrations <18.5 ng/mL are at risk for osteoporosis, indicating that the management of vitamin D is important in preventing osteoporosis in women with type 2 diabetes mellitus. Therefore, the optimal 25(OH)D concentration relative to osteoporosis should be ! 20 ng/mL.
There are some limitations associated with the present study. First, the study sample was relatively small. Second, the study did not include a control group. Third, the variables measured in the present study vary with time of the year, daily activity, and exercise level. Accordingly, further large-scale studies are warranted that include more potentially confounding factors. These future studies should also focus on the effects of low vitamin D status in women with type 2 diabetes mellitus on bone fractures, using appropriate study designs, such as cohort and intervention studies with a sufficient sample size. Such studies should clarify the relationship between hypovitaminosis D and osteoporosis in type 2 diabetes mellitus and serve to design appropriate management protocols to prevent osteoporosis in the patients with type 2 diabetes mellitus.
In conclusion, our study identified an alarmingly high rate of hypovitaminosis D and vitamin D deficiency among Japanese women with type 2 diabetes mellitus. The present study did not include a control group, which prevented us from concluding that the incidence of vitamin D deficiency was higher in the patients with type 2 diabetes than the general population. Nevertheless, our study identified vitamin D deficiency in many patients with type 2 diabetes.
Vitamin D is important for the mechanical and structural integrity of the skeleton, and hypovitaminosis D can amplify the age-related bone turnover, bone loss from the radius, which is mediated through secondary hyperparathyroidism in women with type 2 diabetes mellitus. Therefore, screening and treating hypovitaminosis D is important in such patients.
